Linear low density polyethylene (LLDPE) was melt compounded with various amounts of a cycloolefin copolymer (COC). Scanning and transmission electron microscopy evidenced, at qualitative level, some interfacial adhesion between LLDPE and COC. Another indication of interactions between the components was the increase of crystallinity degree with rising COC content and the enhancement of COC glass transition temperature with the LLDPE fraction. In order to explain this behaviour, the incorporation of ethylene segments of COC into the LLDPE crystalline phase, leading to an increased number of norbornene units in the remaining COC component undergoing the glass transition, was hypothesized. The thermo-oxidative degradation stability of LLDPE was substantially enhanced by COC introduction for filler contents higher than 20 wt%, especially when an oxidative atmosphere was considered. An increasing fraction of COC in the blends was responsible for an enhancement of the elastic modulus and of a decrease in the strain at break, while tensile strength passed through a minimum, in agreement with the model predictions based on the equivalent box model and equations provided by the percolation theory. The introduction of a rising COC amount in the blends increased the maximum load sustained by the samples in impact tests, but decreased the blend ductility. Concurrently, a significant reduction of the creep compliance of LLDPE was observed for COC fractions higher than 20 wt%.
Introduction
In the last years a rising scientific and technological interest emerged towards the possibility of mixing two or more polymers, in order to produce new materials, with properties different from those of the parent components [1] [2] [3] [4] . Thermoplastic polymers recently synthesized by means of metallocene-based catalysts have attracted the attention of many researchers and producers. Particular interest has been focused on the synthesis and characterization of cycloolefin copolymers (COCs) [5] [6] [7] [8] [9] [10] [11] [12] [13] , which are amorphous thermoplastics obtained by copolymerization of norbornene and ethylene.
COCs show remarkable properties, such as stiffness, high chemical resistance, good moisture barrier, low moisture absorption and low density. Because of this unique combination of properties, COCs are suitable for the production of transparent mouldings (optical data storage, lenses and sensors), packaging of drugs, medical and diagnostic devices, food containers, etc. As the glass transition temperature (T g ) of COCs can be adjusted by the percentage of norbornene [14] [15] [16] , various COC grades suitable for specific applications are available on the market. In order to improve dimensional stability, polyolefinic materials have recently been blended with COC. Kola!ik et al. prepared and characterized polypropylene (PP)/COC blends [17, 18] and high-density polyethylene (HDPE)/COC blends [19, 20] , showing how the COC minority component in form of short fibers or microdomains markedly affects the mechanical properties of the resulting materials. PP/COC blends were also prepared by Pimbert [21] , finding that the crystallization and nucleation modes of PP seem to be largely influenced by the characteristics of the micro-dispersed phase. Also "louf et al. [22] studied PP/COC blends, observing uncommon formation of a fibrous morphology of the minority COC component. Similarly to other thermoplastic brittle polymers, it is also possible to improve the fracture toughness of the pristine COC by adding small quantities of elastomers. For instance, Stricker et al. [23] studied the influence of polystyrene-block-poly(ethene-co-but-1-ene)-block-polystyrene (SEBS) on the mechanical properties of COCs, finding that the notched impact strength of COC was noticeably improved by the addition of SEBS. Furthermore, Khanarian [24] presented a study in which the toughness of COCs was remarkably improved by the addition of small quantities of styrene-butadiene-styrene rubber (SBS), while the original optical transparency was preserved. Polyethylene is the most widely used commercial thermoplastic, because of its combination of low cost, high chemical resistance and relatively good mechanical properties [25] [26] [27] [28] . HDPE is utilized for commodities but also in a variety of high demanding applications such as the production of pipes and fittings for the transportation of water or gas under pressure. On the other hand, low-density polyethylene (LDPE) and linear low-density polyethylene (LLDPE) are mostly used in film production for the packaging industry, because of their high tear and impact strength. LLDPE is a copolymer of ethylene and an !-olefin or diene, such as butene, hexene and octene [27] , constituted by a linear backbone with little chain branching. Despite all its attributes, LLDPE is not an ideal material for films, where it is most commonly used. In fact LLDPEs polymerized by means of the Ziegler-Natta catalysts (zLLDPE) contain a low-molecularweight extractable component (n-hexane) which accounts for low clarity and low gloss of produced films. LLDPEs synthesized by metallocene cataly-sis (mLLDPE) show several advantages over zLLDPE, such as higher strength, better optical properties, narrow molecular weight distribution and low extractable fraction. On the other hand, mLLDPE is more difficult to be processed into films [29] . Furthermore, relatively poor creep resistance is considered as one of the main deficiencies of LLDPEs. In fact, in many intended applications, these polymers are often required to sustain long lasting constant loads with limited deformation [30] . In general, the incorporation of fillers in LLDPE increases the elastic modulus of the material and its tensile strength, but often decreases the elongation at break [31] . Thus, mixing LLDPE with a yield-and/or creep-resistant polymer is still an interesting area of materials research. Handge et al. [32] and Liu et al. [33] prepared polystyrene (PS)/ LLDPE blends, while Zhang and coworkers [34, 35] utilized different kinds of organic compatibilizers to enhance the interface adhesion in polyethylene terephthalate (PET)/LLDPE blends. Ismail et al. [36] investigated the processability and miscibility of LLDPE/ polyvinylalcohol (PVA) systems at different blend ratios, finding that the difference in polarity caused very low miscibility of the two components. Su et al. [37] prepared blends of polylactic acid (PLA) and LLDPE in order to investigate the role of the glycidyl methacrylate (GMA)grafted polyethylene-octene copolymer as potential compatibilizer in these systems. Some papers can also be found in literature on the morphology and thermo-mechanical behavior of the LLDPE/rubber blends [38] [39] [40] [41] . In general, preparation of such LLDPE based blends may be rather difficult because the compatibility of the polymers will probably be limited [1, 4, [42] [43] [44] . Attainment of satisfactory mechanical properties of blends frequently depends on finding a suitable compatibilizer that allows for sufficient interfacial adhesion, finer phase structure, lower tendency to phase structure coarsening, etc [19, 20, 45] . For these reasons, search for 'reinforcing' components imparting better mechanical properties to LLDPE matrices remains a problem to resolve. Because of a high fraction of ethylene units, COC is likely to be compatible with polyethylene and other polyolefins without addition of special compatibilizers [2, 17, 18, 22, 46, 47] . Very recently, Lamnawar et al. [48] has investigated the rheological and morphological behavior of the LLDPE/COC blends, with particular attention to their peel seal characteristics to films of either PE or PET. Dynamic rheological measurements and scanning electron microscopy techniques confirmed good compatibility of LLDPE and COC with important consequences for the industrial potential of these systems in the production of thin films for packaging applications. To the best of our knowledge, no papers can be found on the correlation between phase structure and the thermo-mechanical properties of the LLDPE/COC blends. The objective of this work is to prepare LLDPE/ COC blends by melt mixing and to elucidate the effect of morphology and of the physical interactions between the components on the thermomechanical properties of the resulting blends, with particular attention to their creep behavior.
Experimental part 2.1. Materials and sample preparation
Cycloolefin copolymer supplied by Ticona (Kelsterbach, Germany), known under the trade name of Topas ® 8007 (MFI at 190°C and 2.16 kg = 1.7 g#(10 min) -1 , density = 1.02 g#cm -3 ), was melt compounded with a Clearflex ® CL106 linear low density polyethylene (density = 0.92 g#cm -3 , MFI at 190°C and 2.16 kg = 3.2 g#(10 min) -1 ), kindly provided by Polimeri Europa (Mantova, Italy). Both polymer chips were utilized as received. The samples were prepared through a melt compounding process, by using a Haake Rheomix ® 600 (Karlsruhe, Germany) internal mixer at 190°C for 15 minutes at 90 rpm, followed by hot pressing at the same temperature in a Carver ® (Wabash, IN, USA) laboratory press. In this way, square samples 20 cm and 0.7 mm thick were produced. Neat polyethylene and cycloolefin copolymer matrices were denoted respectively as PE and COC, while the blends were designated with the weight fractions of PE and COC. For instance, PE80COC20 indicates a sample constituted by 80 wt% of PE and 20 wt% of COC (Table 1 ).
Experimental techniques
The morphology of the prepared samples was investigated by electron microscopy techniques. SEM images of the fracture surfaces of the blends were taken by using a Jeol JSM 6400 (Tokyo, Japan) microscope. The samples were fractured in liquid nitrogen and observed after a sputtering process with platinum. STEM images were collected by a Vega TS 5130 (Brno, Czech Republic) microscope. Thin sections of the samples were ultramicrotomed at -130°C and stained with RuO 4 vapors before the observations. DSC tests were conducted by using a Mettler DSC30 (Schwerzenbach, Switzerland) calorimeter, under a nitrogen flow of 100 ml#min -1 . The samples were heated from 0 to 200°C at 10°C#min -1 and then cooled down to 0°C at the same rate. A second heating run up to 200°C was then carried out under the same conditions as the first run. In this way it was possible to evaluate the melting temperature of PE in the blends and its crystallinity (X PE ), computed as the ratio of the melting enthalpy (!H m ), normalized for the effective weight fraction of LLDPE in the blends (f), and the reference value of the fully crystalline polyethylene (!H 0 ), taken as 293.6 J#g -1 [49] , as reported in Equation (1): (1) Thermogravimetric analysis (TGA) was conducted by using a Mettler TG50 (Schwerzenbach, Switzerland) thermobalance from 30 to 600°C at a heating rate of 10°C#min -1 . Various atmospheres were used (nitrogen, air, oxygen), keeping a constant flow of 150 ml#min -1 . The temperatures associated to a mass loss of 2% (T 2% ) and of 5% (T 5% ), and the maximum mass loss rate temperature (T d ) were determined on the TGA plots. Dynamic mechanical thermal analysis (DMTA) test was carried out under tensile configuration with a MkII Polymer Laboratories (Loughborough, UK) analyzer, in the temperature range from -135 to 130°C at a heating rate of 3°C#min -1 . A sinusoidal displacement with a peak- to-peak amplitude of 64 $m and a frequency of 1 Hz was imposed to the samples. Quasi-static uniaxial tensile tests were performed with an Instron 4502 (Norwood, MA, USA) testing machine, equipped with a 1 kN load cell, on ISO 527-1BA samples, having a gage length of 30 mm and a width of 5 mm. Tensile tests up to break were performed at a crosshead speed of 50 mm#min -1 (strain rate = 167%#min -1 ). At least five specimens for each blend sample were tested. In order to evaluate more accurately the deformation of the samples, tensile tests for the determination of the elastic modulus were conducted at a lower speed (0.25 mm#min -1 ), and the strain was monitored by an Instron 2620-601 (Norwood, MA, USA) clip-on resistance extensometer, with a gage length of 12.5 mm (strain rate = 2%#min -1 ). According to ISO 527 standard, the elastic modulus of the blends (E b ) was determined on at least five specimens as a secant value between the strain levels of 0.05 and of 0.25%. Tensile impact tests were conducted on ISO 527-1BA specimens with a CEAST (Turin, Italy) instrumented impact pendulum using a striker mass of 3.65 kg and an impact speed of 1.25 m#s -1 (with an overall impact energy of about 2.85 J). Also in this case five specimens were tested for each sample. Isothermal creep tests were carried out at 30°C by an Instron 4502 (Norwood, MA, USA) testing machine. In order to avoid problems related to the precise determination of the effective gage length and to measure with more accuracy the creep strain, rectangular samples, 100 mm long, 5 mm wide and 0.7 mm thick, with a gage length of 60 mm, were utilized. Each sample was tested imposing different stress levels (" 0 ), ranging from 20 to 60% of the yield strength, for a total duration of 1 hour. Tensile creep compliance D(t) was computed by dividing the time dependent strain #(t) by the constant stress ("). Isochronous stress-strain curves were then constructed considering the strain of the specimens at different creep stresses at selected times between 600 and 3600 s.
Theoretical background
The equivalent box model (EBM) combined with the percolation approach to the phase continuity was utilized to predict the modulus and the stress at break of the polymer blends under investigation.
Generally speaking, polymer blends are heterogeneous isotropic materials with three-dimensional continuity of one or more components. For this reason, simple parallel or series models or the models for orthotropic or quasi-isotropic materials are not applicable [50] . In our previous paper [18] , the predictive capacity of the modified EBM was successfully verified. The EBM ( Figure 1 ) operates with partly parallel (subscript p) and partly series (subscript s) couplings of two components. This EBM is a two-parameter model as of four volume fractions (v ij ) only two are independent variables. The volume fractions are interrelated as reported in Equation (2a) and Equation (2b):
The blocks in the EBM are presumed to have physical properties of the neat components. For this reason the EBM is likely to fail if the mixing process produces significant changes in the structure and properties of the blend components. As the EBM is not a self-consistent model, the predictive format requires two steps: the derivation of the equations for the properties under consideration and the calculation of the volume fractions (v ij ) by using equations rendered by the percolation theory [51] [52] [53] . Elastic moduli of the parallel (E p ) and series (E s ) branches of the EBM can be computed as indicated in Equation (3a) and in Equation (3b): 
The resulting tensile modulus of two-component systems (E b ) is then given as reported in Equation (4):
The tensile stress at break (" b ) of blends obeys the following expression (Equation (5)), derived in terms of the EBM [50, 54] :
where " b1 or " b2 denotes the tensile stress at break of the components, while A is a parameter correlated to the extent of interfacial debonding (0 " A " 1). Two limiting values of " b can be distinguished by means of Equation (5). If A = 0, the interfacial adhesion is so weak that complete debonding occurs before the fracture of the component fractions coupled in series. Consequently, as a function of blend composition, " b passes through a minimum. If A = 1, interfacial adhesion is strong enough to transmit the acting stress between constituents so that no debonding appears during the fracture process, and the contribution of the series branch in the EBM is added to that of the parallel branch. In this case " b is a monotonic function of the blend composition. Employing the universal formula provided by the percolation theory for the elastic modulus of binary systems, Kola!ik and coworkers derived Equation (6a) and Equation (6b) for v ij [55] [56] [57] [58] [59] :
where v 1cr or v 2cr is the critical volume fraction (the percolation threshold) at which the component 1 or 2 becomes partially continuous and q is the critical exponent. In the marginal zone (0 < v 1 < v 1cr or 0 < v 2 < v 2cr ), where only one component is continuous, the proposed format cannot be utilized. For approximate calculations, simplified relations can be used for the minority component, i.e. v 1p = 0 and v 1s = v 1 (or v 2p = 0 and v 2s =&v 2 ). Most ascertained values of q are located in an interval between 1.6 and 2.0, so that q = 1.8 can be used as an average value. For the three-dimensional cubic lattice, the percolation threshold v cr = 0.156 was determined [51] [52] [53] .
As tested materials displayed nonlinear viscoelastic behavior, the effect of rising strain on the creep compliance of the samples was accounted for through a modification of the original time-strain superposition principle [60, 61] . Starting from the fact that higher stresses accelerate creep of nonlinear viscoelastic materials, the time -stress superposition principle has been proposed to analyze the isothermal creep behavior of the prepared blends in a wider time scale [62] [63] [64] [65] . In other words, creep compliance curves computed at different stress levels (") can be shifted along the time scale to construct a creep compliance master curve in a wider time scale at a constant temperature (T 0 ) and at a reference stress level (" 0 ), through the introduction of a stress-dependent shift factor (a # ), as reported in Equation (7):
Stress-dependent shift factor values can be determined as indicated in Equation (8):
where the constants C 1 and C 2 , related to the fractional free volume, can be determined a posteriori by fitting shift factor data determined at different stress levels.
Results and discussion 3.1. Microstructure characterization
It is well known that physical properties of polymer blends are closely related to their phase structure. In STEM micrographs (Figure 2) , the dark component corresponds to COC, while the bright one represents PE. From a general point of view, at volume fractions lower than 0.15-0.20 the minority component in immiscible blends forms spherical particles (in studied blends the mean diameter is smaller than 5 $m) uniformly dispersed in the majority component. Considering PE20COC80 sample, it is evident that LLDPE is well dispersed in COC in form of microspheres having a mean diameter of about [48] . In fact, these authors indicated a partial phase miscibility by means of the Cole-Cole and equivalent plots of the dynamic rheological properties, which was subsequently confirmed by scanning electron microscopy. For the blends with low COC fractions (20 wt%), the microstructure is characterized by small microspheres of COC with a mean diameter of 0.5 $m and narrow size distribution. Figure 3 reports DSC thermograms of the neat components and corresponding blends while the most relevant thermal properties are summarized in Table 2 . As expected, the intensity of the endothermic peak associated to the melting of the crystalline regions of PE increases with the PE fraction in the blends, while the signal associated to the glass transition of the COC component at about 70°C is too weak to be quantitatively analyzed. The melting temperature of PE (Table 2) is not affected by the presence of COC, while the crystallinity degree of PE increases with the COC content in the blends. It can be tentatively hypothesized that a partial cocrystallization of the ethylene segments of COC may take place along with the crystallization of PE. However, further investigations would be necessary to explain the observed increase of the LLDPE crystallinity due to the COC addition. Representative thermogravimetric curves of the prepared blends under oxygen atmosphere are given in Figure 4a , while plots of the derivative of the mass loss curves with temperature are reported in Figure 4b . Although thermogravimetric curve of the PE80COC20 blend is very similar to that of the neat polyethylene, notable enhancements of the thermal degradation resistance, documented by a progressive increase of T 2% , T 5% and T d values, can be detected for the blends with the COC fractions higher than 40 wt% ( Figure 5 ). Comparing thermogravimetric curves under different atmospheres, it is evident that the improvements due to the introduction of COC are more pronounced in oxygen atmosphere. For example, T 2% of the PE20COC80 blend is about 100°C higher than that of the neat PE matrix. As reported in literature [66, 67] , it is probable that the presence of a second component with higher thermal stability limits the diffusion of the oxygen through the sample, thus delaying the degradation process of the PE component. For as concerns DMTA tests, storage modulus (E') of the blends at different temperatures and the glass transition temperature (T g ) of the COC component, evaluated from tan$ peaks, are summarized in Table 3 . At temperatures below the glass transition of PE (i.e. about -130°C) E' is slightly affected by the fraction of COC. On the other hand, at 25 and 50°C the increasing fraction of the stiffer COC component leads to a remarkable enhancement of the storage modulus. Another interesting feature is that T g of the COC component slightly increases with the PE fraction in the blends. The presence of clearly separated glass transitions of the parent components indicates the formation of phase-separated blends (as confirmed by SEM and STEM images). However, the fine micron scale morphology obtained through melt blending may affect individual component transitions, such as crystallization and glass transition, through interphase physical interactions [68] . In fact, Thirta et al. [68, 69] showed that the T g of polystyrene (PS) blended with polypropylene (PP) or PE was increased with decreasing PS percentage in the blends. The enhancement of the T g of PS in PS/PP and PS/PE blends was attributed to two possible reasons:
Calorimetric and dynamic mechanical characterizations
i) compressive pressure exerted on the amorphous PS domains due to differential shrinkage between the amorphous PS and crystallizing phases, and ii) immobilization of the polymer interfacial layer at the domain boundaries in a process similar to that observed in filled composite systems. In addition we could suppose another possible cause related to Table 4 reports elastic modulus values of the PE/COC blends from quasi-static tensile tests, while in Figure 6 experimental data are compared with the theoretical prediction provided by the equivalent box model. In agreement with the existing literature [18-20, 56, 57] , the introduction of a stiffer component accounts for an increase in the elastic modulus of the blends. The elastic modulus increase in the PE/COC blends is less pronounced for COC fractions smaller than 50%, while for its higher fractions a strong enhancement can be detected due to increasing phase continuity of the COC component in the blends. Also in this case, the data estimated by the EBM approach plausibly fit the experimental data over the whole range of investigated compositions. In Figure 7a selected stress-strain curves illustrating the quasi-static tensile behaviour of the investigated blends are given. Neat PE and the PE80COC20 blend show an elasto-plastic behaviour with relatively low yield strength (about 10 MPa) and high strain at break (around 1500%).
Tensile mechanical behaviour
For higher COC fractions, a pronounced reduction of the strain at break accompanied by an increase in yield strength can be observed. Neat COC matrix displays a rather brittle behaviour, typical of amorphous thermoplastics below their glass transition temperature. Interestingly enough, Figure 7b shows that also stress at break can be successfully fitted over the whole range of investigated compositions utilizing the equivalent box model. It is generally believed that the presence of a minimum on the tensile strength vs. blend composition dependence indicates poor interfacial adhesion between the components [50] . Considering Equation (5), the A value, for which the fitting of the stress at break data is performed, is proportional to the quality of the interfacial adhesion between the two phases. In the present case an A value near to zero (0.04) was adopted, which indicates a limited interfacial adhesion between LLDPE and COC. In order to quantitatively describe the embrittlement due to COC introduction, a brittleness (B) parameter was introduced by Brostow et al. [70, 71] , as reported in Equation (9): (9) where # b is the strain at break from quasi-static tensile tests and E' is the storage modulus at 25°C obtained from DMTA tests. As reported in Table 4 , it can be seen that B values generally increase with the COC amount, passing from 0.036#10 -10 (%#Pa) -1 for the neat LLPDE to 1.34#10 -10 (%#Pa) -1 for the neat COC matrix. It is important to underline that the obtained values are very near to that reported in literature references for similar polymeric matrices [70, 71] . Representative force-displacement curves obtained under tensile impact conditions are reported in Figure 8 and the most important results are summarized in Table 5 . Increasing fraction of COC in blends progressively increases the maximum load sustained by the samples, but decreases the ductility. For example, specific tensile energy to break (TEB) of PE80COC20 sample is about seven times lower than that of neat PE. It can be hypothesized that due to poor interfacial adhesion the COC particles embedded in PE matrix act as crack initiating sites. On the other hand, weakly bonded PE microspheres dispersed in the COC matrix may induce a toughening effect similar to that reported for rubber toughened thermoplastics [23, 24] .
Creep behaviour
Isothermal creep compliance curves of neat PE at 30°C obtained at different stress levels (ranging from 20 to 60% of the yield strength) are reported in Figure 9a , while in Figure 9b isochronous curves at different times (from 600 to 3600 s) are given. As generally known, an enhancement of the applied stress produces a noticeable increase in the creep compliance of semicrystalline polymers above their glass transition temperature [72] . This nonlinear viscoelastic effects have been associated to a straininduced increase in the free volume in the amorphous phase of the material [17, 20, 46, 72] . From the analysis of the isochronous curves it is evident that the apparent linearity limit can be registered at strain levels of less than 5%. Isochronous curves at 3600 s of neat components and of the relative blends as obtained from isothermal creep tests are compared in Figure 10 . The introduction of small amounts of COC (up to 20 wt%) in the PE matrix does not substantially affect the creep behaviour of the resulting blend, because the creep-resistant COC component is fully discontinuous (Figure 10 ). For higher COC fractions, a progressive improvement of the creep resistance can be detected. Analogously, the creep behaviour of PE20COC80 blends is very similar to that of the neat COC matrix. Figure 10b indicates that PE and PE80COC20 samples do not show the apparent linear viscoelastic behaviour even at relatively small strains. In contrast, the creep compliance of COC and PE20COC80 blend seems to be practically stress independent over the whole range of considered stress, which is typical for thermoplastic materials below their glass transition temperature.
The effect of the COC fraction on the stress dependent creep behaviour of the prepared blends can be evaluated on a longer time scale by constructing creep compliance generalized master curves according to the time-stress superposition principle (Equa- Figure 10 . Isochronous curves at 3600 s of the PE/COC blends from isothermal creep tests, (a) stress-strain isochronous curves, (b) relative stress-strain isochronous curves tion (7)), starting from isothermal creep compliance data of neat components and of the related blends computed at different stress levels. Figure 11 reports creep compliance master curves of the prepared blends at T = 30°C, considering a reference stress equal to the 20% of the yield strength detected in quasi-static tensile tests. Even in this case it can be concluded that the creep behaviour of the neat matrices is not substantially affected by the presence of the second component up to concentrations of 20 wt%. Thus, master curve of neat LLDPE practically superimposes to that of PE80COC20 sample. Only for higher COC weight fractions the creep resistance of the blends is significantly improved by the introduction of a less compliant component.
Conclusions
Mechanical properties of LLDPE/COC heterogeneous blends prepared by melt mixing indicate poor interfacial adhesion despite the fact that physical interactions between the components are manifested by (i) increasing crystallinity of LLDPE with rising COC fraction, (ii) increasing T g of COC with rising LLDPE fraction and (iii) SEM micrographs of fracture surfaces, which show that fracture frequently propagates through the particles and not along the PE/COC interphase. These results were tentatively explained by (i) a partial incorporation of the ethylene segments of COC into the LLDPE crystalline phase and, consequently, (ii) increasing percentage of norbornene units in the remaining COC component undergoing the glass transition. The presence of COC in the blends promoted a rel-evant increase of the thermal degradation stability, especially when an oxidative atmosphere was considered. Quasi-static tensile tests showed that increasing fraction of COC in the blends accounts for an enhancement of the elastic modulus and a decrease in the strain at break, while tensile strength passes through a minimum. These results are in a good conformity with the model predictions based on the equivalent box model and equations provided by the percolation theory. Moreover, increasing fraction of COC in the blends increased the maximum load sustained by the samples in impact tests, but profoundly decreased the blend ductility. Concurrently, creep measurements demonstrated that a significant reduction of the creep compliance of LLDPE could be achieved only for the COC fractions exceeding 20 wt%. Figure 11 . Isothermal creep compliance master curves of the PE/COC blends according to time-stress superposition principle (see Equation (7)), T0 = 30°C, "0 = 20%·"max
